Introduction
============

Gastric cancer is the fifth most common malignant tumor and the third leading cause of cancer-related death worldwide. Although incidence of gastric cancer has decreased in recent years, it remains a major global health problem, with a particularly high prevalence rate in Asia.[@B1][@B2] Improvements in surgical and chemotherapeutic interventions have led to lower gastric cancer morbidity and mortality rates; however, approximately half of gastric cancer patients are not cured.[@B2] Both environmental factors and genetic/epigenetic alterations are thought to be associated with tumor development and progression, but the precise pathogenesis has not been determined.[@B3] Therefore, the discovery of gastric cancer-specific markers that are clinically applicable for early cancer detection and targeted therapeutics is crucial.

The phosphatidylinositol 3-kinase (PI3K) signaling pathway is pivotal to drive the extracellular growth signaling during tumorigenesis, progression, and drug resistance of breast, colorectal, endometrial, and gastric cancers.[@B3][@B4][@B5][@B6][@B7] During malignant transformation, various genetic alterations may occur in any of the PI3K pathway components, such as the receptor tyrosine kinase genes, *EGFR*, *HER2*, *KIT*, *PTEN*, *PIK3CA*, and *AKT*. PI3K is a heterodimer comprising of an 85 kDa regulatory subunit and a 110 kDa catalytic subunit that possess an enzymatic activity. To date, four isoforms of PI3K catalytic subunit (α, β, γ, and δ) have been identified. Among these, the gene encoding the α-isoform catalytic subunit (*PIK3CA*, p110α) was found to be frequently mutated or amplified, leading to the acquisition of oncogenic properties or increased tumor aggressiveness.[@B8][@B9] *PIK3CA* mutation and amplification in gastric cancer have also been described; in particular, the amplification of PIK3CA is frequently obserevd in gastric adenocarcinoma.[@B10][@B11]

*PIK3CA* mutation and amplification in gastric cancer can act as a driver mutation, and they are associated with carcinogenesis and adverse prognosis.[@B12][@B13] In gastric cancer, dysregulation of the PI3K-Akt pathway due to *PIK3CA* mutation and inactivation of the phosphatase and tensin homolog (*PTEN*) has been identified as a mechanism for trastuzumab resistance.[@B14] Moreover, aberrant increase in PIK3CA immunoreactivity can promote gastric cancer metastasis.[@B9] Here, we investigated PIK3CA expression in human gastric cancer tissue using immunohistochemistry. We evaluated the relationships between PIK3CA expression level and the conventional clinicopathological parameters, as well as effects on patient survival. In addition, we sought to determine the use of PIK3CA immunohistochemistry to predict the clinical outcome of gastric cancer.

Materials and Methods
=====================

1. Patients and specimens
-------------------------

For this retrospective study, we enrolled a consecutive series of 178 gastric cancer patients. Gastric adenocarcinoma was confirmed using histology for all patients. All patients underwent total or subtotal gastrectomy at the Soonchunhyang University Cheonan Hospital between July 2006 and December 2012. The patients had a mean age of 61 years (range, 27 to 81 years). They were regularly followed every 6 months or yearly after surgery, and their mean follow-up period was 58 months (range, 0 to 95 months). Among 178 patients, 66 patients (37.1%) died and 112 patients (66.9%) remain alive.

All tissue samples obtained in the study were fixed in formalin and embedded in paraffin. Medical records from the initial and follow-up visits, including clinical data, pathology reports, and hematoxylin and eosin (H&E)-stained slides were reviewed to confirm diagnoses. The clinicopathological variables of the patients, including age, sex, tumor size, tumor location, invasion depth, lymph node metastasis, distant metastasis, TNM stage, differentiation, lymphatic, vascular, and perineural invasions, Lauren and Ming classifications, and patient survival were also reviewed. Patients who received neoadjuvant chemotherapy and/or had other critical medical conditions were excluded in this study. Cases with no tissue samples available were also excluded.

2. Tissue microarray construction
---------------------------------

Tissue microarrays (TMA) were prepared as previously described. [@B15] H&E-stained slides were evaluated under light microscopy to define representative and non-necrotic areas in the tumors. Single tissue cores (2 mm in diameter) were obtained from paraffin blocks (donor block) and transferred to a recipient block using a trephine apparatus (Superbiochips Laboratories, Seoul, Korea). Cores of non-tumorous gastric mucosa tissue were included and assembled between the tumor cores.

3. Immunohistochemical staining and assessment
----------------------------------------------

For PIK3CA immunohistochemistry, 4-µm sections were cut from the TMA block and transferred onto coated slides. The sections were deparaffinized through incubation in a dry oven at 60℃ for 1 hour and three washes in xylene. Following block-age of the endogenous peroxidase activity using 5% hydrogen peroxide in methanol for 15 minutes at 37℃, the sections were autoclaved in a pH-6.0 epitope retrieval solution for 20 minutes for antigen retrieval. The sections were stained with a 1:75 dilution of rabbit polyclonal anti-PIK3CA antibody (HPA009985; Sigma-Aldrich, St. Louis, MO, USA). Following incubation in a humidified chamber at 4℃ for 16 hours, a secondary antibody treated using the BOND Polymer Refine Detection kit (Leica Biosystems, Wetzlar, Germany) was applied. Diaminobenzidine was used as chromogen for color development.

PIK3CA immunostaining was evaluated by two independent pathologists who were blinded to the clinicopathological information of the patients. Discrepancy in findings was solved by reviewing the cases using a multi-head microscope until consensus was reached. Cytoplasmic granular staining of PIK3CA was considered as immunoreactivity. Adjacent non-tumorous mucosa in the tumor core and normal gastric mucosa cores were used as negative controls. PIK3CA expression was graded based on the proportion and intensity of staining. The stained cell proportion was scored as: 0 (\<5%); 1 (5% to 25%); 2 (26% to 50%); and 3 (\>50%). Intensity of the immunostaining was scored as follows: 0 (negative); 1+ (weak positive); 2+ (moderate positive); and 3+ (strong positive) ([Fig. 1](#F1){ref-type="fig"}). The final score was calculated by multiplying the proportion score with the intensity score. Final scores of \<4 were considered negative, whereas scores of ≥4 were considered positive.[@B16] For negative controls, 18 normal gastric mucosa cores were included in the TMA blocks. PIK3CA immunoreactivity score of these cores ranged from 0 to 3. Additionally, non-tumorous mucosa adjacent to the tumor core showed no immunoreactivity or weak PIK3CA-positive staining in contrast with the tumor glands([Fig. 2](#F2){ref-type="fig"}).

4. Statistical analysis
-----------------------

All statistical analyses were performed using the PASW ver. 18.0 statistical software (IBM Co., Armonk, NY, USA). The χ^2^ test for linear trends and Fisher\'s exact test were utilized to determine the relationships between PIK3CA expression and clinicopathological features of the patients. Survival curves were generated using the Kaplan-Meier method with log-rank test. Univariate and multivariate analyses were performed using the Cox proportional hazards regression method to compare differences in overall survival (OS) between patient subgroups. P\<05.0 was considered statistically significant.

Results
=======

1. PIK3CA expression was correlated with clinicopathological features of the patients
-------------------------------------------------------------------------------------

In the current study, positive PIK3CA staining was observed in 112 gastric cancer patients (62.9%). PIK3CA overexpression was significantly correlated with frequent low-grade differentiation (well/moderately differentiated; P=0.001), intestinal-type histology of the Lauren classification (P=0.012), lymphatic invasion (P=0.032), and advanced T stage (pT3 or more; P=0.040). Elevated PIK3CA expression was also more likely to be observed in the upper third of the stomach (P=0.182) and display later onset age (P=0.051); however, these correlations were not statistically significant. No significant associations were found for other clinicopathological parameters, including sex (P=0.289),the Ming classification (P=0.512), lymph node metastasis (P=0.202), and the presence of vascular or perineural invasion (P=0.863). [Table 1](#T1){ref-type="table"} summarizes the correlations between PIK3CA expression and the clinicopathological parameters of the patients.

2. Survival analysis
--------------------

A significant correlation between PIK3CA overexpression and poor survival was found using the Kaplan-Meier survival analysis with log-rank test. Patients that displayed positive PIK-3CA staining had worse OS than those with negative PIK3CA staining (P=0.047; [Fig. 3](#F3){ref-type="fig"}). To further evaluate the prognostic implications of PIK3CA expression in gastric cancers, a univariate analysis using the Cox proportional hazard regression model was performed. In the univariate analysis, patients with positive PIK3CA staining were more likely to display reduced OS compared to those in the PIK3CA-negative group (P=0.051; hazard ratio=1.832; [Table 2](#T2){ref-type="table"}). No significant differences in OS were found between PIK3CA-positive and negative groups using a multivariate analysis ([Table 3](#T3){ref-type="table"}).

Discussion
==========

PI3K is a component of the PI3K signaling pathway that plays crucial roles in the regulation of cell proliferation, survival, and adhesion capacity, and is frequently upregulated in human cancers.[@B17][@B18] *PIK3CA*, encoding the p110α subunit of PI3K, is located on chromosome 3q26.3 and mutations of this gene are common in various malignant tumors, including colon, gastric, ovary, breast, and brain tumors.[@B11][@B18][@B19][@B20] In gastric cancer, many studies have been performed to evaluate the role of somatic *PIK3CA* mutations, but these studies focused less on the aberrant overexpression of PIK3CA. However, significance of PIK3CA overexpression in other malignant tumors, including breast, esophageal and colorectal cancers, has been evaluated by immunohistochemistry.[@B8][@B16][@B21] Increased PIK3CA immunoreactivity has been implicated for poor prognosis and multi-drug resistance in other cancers, suggesting a promising use of PIK3CA expression, as assessed by immunohistochemistry, as a cancer biomarker.[@B8][@B16][@B21] Furthermore, a recent study that evaluated a *PIK3CA* mutation in esophageal cancer revealed that PIK3CA overexpression, determined by immunohistochemistry, could be utilized as an independent factor to predict high local recurrence.[@B21] To the best of our knowledge, the current study is second to report PIK3CA expression using immunohistochemistry and first to describe the significance of PIK3CA overexpression for gastric cancer patient survival.

In an in vitro study using a tongue cancer cell line, inhibition of PIK3CA expression was shown to suppress PTEN and Akt phosphorylations, resulting in decreased proliferative activity and invasiveness and increased drug sensitivity.[@B22] In gastric cancer cell lines, knockdown of *PIK3CA* by siRNA also led to reduced tumor cell invasion and migration, suggesting that PIK3CA expression is involved in cancer cell invasion.[@B23] In this study, we found that PIK3CA upregulation was associated with tumor cell invasion. PIK3CA expression level was associated with tumor T stage, which represents the invasion depth of tumor cells in viscous hollow organs including the stomach. The invasion depth of tumor cells can be categorized as superficial invasion (T1 and T2) and deep invasion (T3 and T4). We observed a statistically significant difference in PIK3CA expression between these categories (P=0.040). Furthermore, an increase in lymphatic vessel invasion frequency was observed in the PIK3CA-positive group (P=0.032). Because lymphatic vessel invasion can indicate tumor cell invasiveness, this observation also supports the hypothesis that PIK3CA expression induces tumor invasiveness in gastric cancer. Therefore, our results obtained using human cancer tissues are in agreement with previous in vitro findings.

PIK3CA can also serve as a determinant for tumor differentiation or morphological phenotypes. In a breast cancer study, increased PIK3CA immunoreactivity was associated with high-grade morphology, as well as different histology subtypes (invasive ductal carcinoma versus other histology types).[@B8] A previous colorectal cancer study also reported PIK3CA overexpression in specimens with high grade histology and mucinous adenocarcinoma morphology.[@B16][@B24] In contrast to previous studies in other organs, we observed PIK3CA overexpression in carcinomas with low grade histology (well/moderately differentiated; P=0.040). This trend was also observed when association between the Lauren classification and PIK3CA expression was determined. We observed positive PIK3CA staining in intestinal-type adenocarcinomas, and negative staining in mixed- and diffuse-type carcinomas (P=0.001). The Lauren classification subdivides gastric cancers into diffuse- and intestinal-types based on their morphology.[@B25] In contrast, Tan et al.[@B26] reported a molecular classification of gastric cancers based on the gene expression patterns. In their study, mesenchymal- and proliferative-types were associated with diffuse- and intestinal-type adenocarcinomas, respectively. Furthermore, a recent study revealed that each Lauren classification subtype (diffuse, mixed, and intestinal) exhibited a unique DNA methylation signature during early gastric carcinogenesis.[@B27] These findings suggested that the morphological characteristics of gastric cancer are induced by a variety of unique genetic or epigenetic alterations. Therefore, we concluded that different PIK3CA expression levels among the histological subgroups can partially explain their morphological features, including tumor differentiation. However, the precise mechanism is yet to be defined.

Few studies have investigated the correlation between PIK3CA immunoreactivity and patient survival in gastric cancer. Several breast and colorectal cancer studies demonstrated that elevated PIK3CA expression, as observed using immunohistochemistry, was correlated with worse OS.[@B8][@B21] Another study using a small cohort of 53 primary gastric cancer cases revealed that PIK3CA overexpression was a predictive marker for metastasis in gastric cancers; however, survival analysis was not performed.[@B9] We found that the PIK3CA-positive group was more likely to show worse OS than the negative group using a log-rank test and univariate survival analysis (P=0.047 and P=0.051, respectively). These results suggested that the level of PIK3CA expression can reflect the prognosis of gastric cancer patients.

To summarize, PIK3CA overexpression was associated with poor survival and aggressive clinicopathological features, such as deep invasion of the gastric wall (high T stage) and lymphatic invasion. PIK3CA expression, assessed by immunohistochemistry, was observed in intestinal-type adenocarcinoma, suggesting PIK3CA role as a determinant for molecular and morphological characteristics of gastric cancer. In conclusion, PIK3CA immunochemistry may serve as a useful method to predict patient survival and aggressiveness of gastric cancer.
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![Representative PIK3CA immunohistochemical staining images of gastric cancers (×400) exhibiting intensity score of 0 (A), 1 (B), 2 (C), or 3 (D).](jgc-16-85-g001){#F1}

![(A, B) Normal gastric mucosa, which was used as a negative control, displayed absence of PIK3CA staining (A) or weak PIK3CA staining (B) (×200). (C) Positive PIK3CA staining in tumor glands and negative staining in the adjacent non-tumorous gastric mucosa (×200).](jgc-16-85-g002){#F2}

![Survival curve of the low PIK3CA expression group (n=112) and high PIK3CA group (n=66) as assessed by Kaplan-Meier survival analysis with log-rank test.](jgc-16-85-g003){#F3}

###### Correlations between PIK3CA expression and various clinicopathological features in gastric cancer patients
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Values are presented as number only or number (%). AJCC = American Joint Committee on Cancer; LN = lymph node; WHO = World Health Organization; WD = well differentiated; MD = moderately differentiated; PD = poorly differentiated. ^\*^Classification according to the standard of AJCC staging system.

###### Univariate survival analysis of factors associated with overall survival
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LN = lymph node; WHO = World Health Organization; PD = poorly differentiated; WD = well differentiated; MD = moderately differentiated; CI = confidence interval.

###### Multivariate survival analysis of factors associated with overall survival
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LN = lymph node; CI = confidence interval.
